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Abstract. The oviposition pattern of Actinote pellenea pellenea on Austroeiipatorium inulaefolium was 

investigated in two coastal sites in SE Brazil to test if  there is any pattern of preference for host plant 

traits. At both sites, host plants were marked and measured for height, distance of the nearest plant, 

number of leaves with A. p. pellenea immatiires (eggs and first instar larvae), number of groups of 

immatures, and total number of eggs per plant. An apparency index was calculated relating plant size 

to distance from its three nearest conspecific neighbours. Total leaf area, orientation and inclination 

were recorded for each leaf with a group of immatures. There was no significant correlation between 

the number of ovipositions on each plant and habitat and plant characteristics as plant height 

and apparency index. The number and density of eggs by oviposition was not correlated with leaf 

characters as area, orientation or inclination. At botli sites clusters of immatures showed a grouped 

distribution, with some plants having more immatures than predicted by chance. In the only case 

of a double oviposition on the same leaf, the later cluster was significantly smaller. The results show 

that distribution of eggs - reflecting female choice - was not related w'ith the above measured plant 

and leaf traits. However, the results do suggest that females probably choose plants where immatures 

are already present, resulting in the observed grouping pattern. 
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Introduction 

For most holometabolous insects in general, and 

with herbivores in particular, adults are more mobile 

than immatures, with the decisions of ovipositing 

females often critical for the fitness of the offspring 

(Doak et at, 2006). For most herbivorous insects, 

host plant acceptability and quality vary strongly 

among plant species, populations and individuals 

and even among different plant parts (Strong et al, 

1984; Price, 1997; Kerpel et at, 2006). The ability 

of females to choose among different liosts or host 

parts has important consequences on their offspring’s 

performance, with the females usually using plant 

cues to identify the most suitable food resource. 

Many different cues are used by females during 

the oviposition process. These include secondary 

compounds, visual signals (plant and leaf shape), 

presence of natural enemies or mutualists, presence of 

conspecific immatures, microclimate (Raiisher, 1978; 

Williams & Gilbert, 1981; Freitas & Oliveira, 1996) 
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and plant vigour (Price, 1991, 1997). Furthermore, 

ovipositing females can also respond to indirect cues 

such as leaf age and size, internode length (Price et al, 

1987; Freitas et al, 1999), plant apparency, grouping 

and position of host plants across the landscape 

(Feeiiy, 1976; Courtney & Courtney, 1982; Mackay & 

Singer, 1982). 

The Neotropical genus Actinote Hiibner, [1819] 

(Nymphalidae: Helicoiiiinae: Acraeiiii) has 31 

described species distributed through Central and 

South America, reaching maximum diversity in the 

montane regions in the Andes and Southern Brazil 

(Francini et al, 2004; Lamas, 2004; Paluch, 2006; 

Paluch et al, 2006; Silva-Brandao et al, 2008). Al  

known species feed on Asteraceae and are gregarious 

during all stages (Francini, 1989, 1992; Paluch et al, 

2005; Freitas et al, 2009). 

The widespread Actinote pellenea Hiibner, [1821] 

has 17 recognized subspecies distributed across all 

South Aiierica from Colombia to Northern Argentina 

found over a wide variety of secondary and open 

habitats (Francini, 1989, 1992; Paluch, 2006). In 

coastal Southern Brazil, A. pellenea pellenea Hubner, 

[1821] is very common with four or five generations 

per year. Here larvae of A. p. pellenea feed on three 

species of Asteraceae: the vines Mikania micrantha 

and Mikania cordifolia, and the shrub Austroeupatorium 



42: 74-78, 2003 (2010) 75 

inulaefolium (Francini, 1989, 1992) (Fig. 1). 

The following study describes the pattern of 

oviposition distribution of A. p. pellenea on patches 

of A. inulaefolium, and discusses the factors that may 

explain the observed patterns. 

Methods 

Study sites 

The study was carried out at two coastal sites of Sao 

Paulo State, Southern Brazil: 1) Xixova-Japui State 

Park (JAPUI), Sao Vicente, Sao Paulo (23°59’ S, 46°23’ 

W), in July and 2"‘‘  , 1991, and 2) the valley of the 

Cubatao river, (VRCUB), Cubatao, Sao Paulo (23°53’ 

S, 46°27’ W) during November 12, 1992. Both sites 

are covered by lowland subtropical forest (Ururahy el 

ai, 1984). Annual rainfall reaches 2500 mm and the 

average annual temperature is 21°C (Setzer, 1949; 

Nimer, 1989). Field work was conducted along open 

trail edges and in early succession stages secondary 

vegetation. 

Sampling procedures 

At each site all individuals of A. inulaefolium j^resent 

along a previously defined linear transect of 200 

m were sampled, including all plants to a 5 meters 

distance on both sides of the transect, including all 

nearby plants in the area. Immatures of A. p. pellenea 

of each host plant were recorded and all ovipositions 

were collected for laboratory work. Each individual 

plant was tagged and recorded for height (five 

classes of 100 cm), distance of the nearest plant (in 

meters), orientation in relation to the nearest plant 

(in degrees), number of leaves with immatures, total 

number of immature groups and total number of 

immatures. For each leaf with immatures, the area, 

inclination (to the horizontal), orientation (in degrees 

to the central axis of the plant), amount of herbivory 

and number of immatures per group were recorded. 

An “apparency index” (AI, follow'ing Feeny, 1976) was 

calculated for each individual plant, as: AI = [(Ho - 

Ha + DA) + (Ho - Hb + DB) + (Ho - He + DC)] / 3; 

where Ho = plant height, Ha, Hb, He = height of the 

nearest three plants of the species, and DA, DB, DC 

= distance of the nearest three plants of the same 

species present along the linear transect. This index 

is lowest (including negative values) when the distance 

between a pair of plants is less than the lower plant of 

the pair. The index increases with increasing distance 

between the two plants. To determine the distribution 

of the plants, the study area was included in a 108 

m- rectangle, and this was subdivided in 27 squared 

sectors of 2x2 m (three rows and nine columns). The 

distribution pattern of plants was determined using 

the index of dispersion (Ludwig & Reynolds, 1988) 

with values < I indicating a uniform distribution, = 1 a 

random distribution and > 1 a grouped distribution. 

Inclination and orientation of each leaf was 

estimated with compass and protractor with a 

precision of 1°. Each oviposition was assigned to one 

of three developmental stages based on predominant 

egg colour following Erancini (1989), where Y = 

yellow (0-1 day after oviposition), O = orange (1-3 

days after oviposition), R = red (more than 3 days 

after oviposition), B = black (1 or two days before 

eclosion). First instars were also considered in the 

present study, since larvae usually remain, together 

with their empty egg shells, on the same leaf for the 

first days following eclosion. 

All  measured leaves were scored into four 

categories of herbivore damage: (0) 0%; (1) up to 

10%; (2) 11% to 25%; (3) 26%\o 50%; (4) more than 

51%. Since the leaves of A. inulaefolium are nearly 

rhombus-shaped, leaf area (in cm-) was estimated 

using the formula (L*W)/2, where L = length and 

W = width. 

Egg density for each oviposition was estimated from 

the average of hve independent counts of eggs over 

different sections of each oviposition event, giving 

the number of eggs per cm'*^. The number of eggs in 

each oviposition was estimated as the product of the 

average density by the area of the oviposition. 

Results 

Host plant density. At JAPUI 23 |)lants of A. 

inulaefolium \were inspected showing a density of 0.21 

plants/m‘‘  ̂with a non-random distribution (Poi.s.son 

test, x- = 4.2031, DF = 2, p < 0.05). The dispersion index 

was 1.331, indicating that the plants are grouped. At 

VRCUB 11 plants were inspected with a density of 0.10 

plants/m- with a random distribution (Poisson test; 

y- = 0.7365, DF = 1, p > 0.70) and dispersion index of 

0.8042, which indicated a homogenous distribution. 

Host plant height. AtJAPUl A. inulaefolium height 

ranged from 100 to 500 cm ( J - 213.0 cm, SD = 109.98, 

n = 13), significantly lower than from VRCUB, that 

ranged from 300 to 700 cm ( x = 472.7 cm, SD = 110.37, 

n = 11) (t test = -6.4339, DF = 32, p < 0.001). At JAPUl 

the AI (apparency index) ranged from -100 to 1760 

while at VRCUB the range was greater, from 800 to 

3040, indicating that plants with high apparency co¬ 

occur with plants with low apparency. There was no 

correlation between the AI and plant height at either 

site (Spearman, r = 0.0689 in JAPUI, t = 0.3163, DF = 

21, p > 0.75, and r = 0.1908 in VRCUB, t = 0.5831, DF 
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= 9, P>().57). 

Distribution of immatures. AtJAPUI 43 groups of 

ininiatures (eggs or first iiistar larvae) were recorded 

on 42 leaves of all plants with the number of groups 

per plant ranging from 0 to 9 {X=  1.9 ovipositioiis/ 

plant, SD = 2.40, n = 23) and a dispersion index 

of 3.078. At VRCUB 41 groups of immatures were 

recorded on 41 leaves of all plants, with a range from 

0 and to 11 (X = 3.7 ovipositioiis/plant, SD = 12.82, 

n = 23) and a dispersion index of 3.439. The values 

of the dispersion indexes indicate that distribution of 

immatures on the plants of both sites was grouped. 

Ovipositions were recorded on leaves ranging from 15 

to 450 cm above ground atJAPUI and from 130 to 500 

cm at VRCUB. When grouped into intervals of 100 

cm, the data showed a concentration of 27 ovipositions 

within the interval 101 - 200 cm in JAPUI, and of 16 

ovipositions in the interval 201 - 300 cm in VRCUB. 

A double oviposition on the same leaf was observed 

once during the study. 

Oviposited leaves. The average surface area of 

leaves that showed oviposition atJAPUI ( X = 2553.21 

mm2, SD =1929.36, n = 58) was significantly lower than 

at VRCUB (x = 4549.3 mm2, SD = 2653.82, n = 25) 

(t test = -3.8755, p < 0.0002, DF = 81). There was no 

preferential orientation of oviposited leaves at either 

site (JAPUI X-' = 2.00, p = 0.57, DF = 3; VRCUB X’  = 

3.37, p = 0.34, DF = 3). With respect to leaf inclination, 

most oviposited leaves were between 10° and 20° 

from the horizon at both sites. Considering only 

leaves showing oviposition, most were leaves with low 

herbivoiy damage (0 to 10% herbivoiy) at both JAPUI 

(67.6%) and VRCUB (92.6%). However, because 

the patterns of leaf orientation and inclination, and 

herbivory, were not evaluated for all plants, these data 

are not useful in sliowing tendencies or preferences 

by ovipositing females. 

Eggs X plants. AtJAPUI the number of eggs per 

plant ranged from 0 to 3850, with a total of 20,100 

eggs from 14 of 23 plants (X = 873.9 eggs/plant, SD 

= 1154.42) and with a dispersion index of 1525, a 

significant grouped pattern. No significant correlation 

was determined among the following parameters: 

number of eggs and plant height (Spearman, r = 

0.1179, t = O.sW, DF = 21, p > 0.59), number of 

ovipositions and plant height (Spearman, r = 0.0982, 

t = 0.4521, DF = 21, p > 0.66), the AI and number of 

eggs per plant (Spearman, r = -0.1485, t = -0.6879, DF 

= 21, p > 0.49), or the AI and number of ovipositions 

per plant (Spearman, r = -0.3571; t= -1.7521, DF = 21, 

p < 0.09). At VRCUB the number of eggs per plant 

ranged from 338 to 4236 (all plants with at least one 

oviposition) giving a total of 15,880 eggs on 11 plants 

(X= 1443.6 eggs/plant, SD = 1399.91) and with a 

Figure 1. A female Actinote pellenea pellenea ovipositing 
in Austroeupatorium inulaefolium. 

dispersion index equal to 1357.55. These data also 

revealed a significant grouped pattern. Again, as at 

JAPUI, no significant correlation was demonstrated 

between the following parameters: number of eggs 

and plant height (Spearman, r = 0.1908, t = 0.5830, 

DF = 9, p > 0.57), number of ovipositions and plant 

height (Spearman, r = 0.2435, t = 0.5392, DF = 9, p > 

0.6), the AI  and number of eggs per plant (Spearman, 

r = 0.3184, t = 0.31, DF = 9, p > 0.76), or the AI and 

the number of ovipositions per plant (Spearman, r = 

0.3184, t = 1.0078, DF = 9, p > 0.33). 

Eggs X leaves. AtJAPUI the average density of eggs 

ranged from 111 to 470 eggs/cm- ( x = 259.5 eggs/ 

cm-, SD = 68.32, n = 57) with the number of eggs 

per oviposition ranging from 86 to 1266 (x = 479.2 

eggs, SD = 228.93, n = 56). There was no significant 

correlation among the following parameters: mimber 

of eggs and leaf area (Spearman, r = 0.1054, t = 0.7934, 

DF = 56, p < 0.43), number of eggs and leaf orientation 

(Spearman, r = -0.0114, t = -0.0856, DF = 56, p > 0.93), 

or number of eggs and leaf inclination (Spearman, r 

= 0.0144, t = 0.1078, DF = 56, p > 0.91). At VRCUB 

the average density of eggs was from 95 to 374 eggs/ 

cm'*^ ( X = 238.5 eggs/cm^; SD = 66.81, ii  = 27) with the 

number of eggs per oviposition ranging from 100 to 

883 ( X = 422.31 eggs, SD = 199.01 eggs; ii  = 26). And 

again there was no significant correlation among the 

parameters: number of eggs and leaf area (Spearman, 

r = -0.2736, t = -1.3644, DF = 23, p > 0.18), number 

of eggs and leaf orientation (Spearman, r = -0.0415, t 

= -0.1991, DF = 23, p > 0.84), or number of eggs and 

leaf inclination (Spearman, r = 0.0327, t= 1.1571, DF 

= 23, p < 0.87). Correlations between leaf area and 
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egg density were also not significant at either JAPUI 

(Spearman, r = -0.718, t = -0.339, DF = 55, p > 0.9) and 

in VRCUB (Spearman, r = -0.1327, t = -0.0419, DF = 

23, p> 0.52). 

Discussion 

Oiir study was not conclusive in revealing any 

consistent pattern of oviposition in A. p. pellenea, 

except for clearly indicating that ovipositions tend 

to be grouped. The morphological plant traits 

investigated by our study were apparently not used by 

the females when selecting oviposition sites. There 

are of course several additional factors that would 

be important in selection by oviposition sites by A. p. 

pellenea females that were not evaluated in our study, 

such as: 1) other plant features, such as secondary 

compounds, nutritional c|uality and/or vigor (Kerpel 

et ai, 2006), 2) presence of alternative host plants 

in the same area (the common scandent vines M. 

micranlha And M. cordifolia) that might influence the 

patterns we found, and 3) a strong preference for 

plants previously oviposited by females (Ulmer et 

ai, 2003). Despite of which factors are influencing 

female choice, it is worth noting that the grouped 

pattern of immatures was revealed at both sites. As 

a result, many plants were not used for oviposition 

females at all, by contrast to a few that received up 

to nine ovipositions (> 3000 eggs). The advantages 

of grouped eggs are well known for many species of 

Lepidoptera, including protection against desiccation 

and predation (Stamp, 1980; (dark & Faeth, 1998). 

Gregarious larvae from egg clusters also benefit 

from increased develojiment rates and survival as 

well as reduced predation and parasitism (Lawrence, 

1990; Clark & Faeth, 1998; Denno & Benrey, 1997). 

On the other hand, as pointed out above, super- 

oviposition results in high mortality of small larvae 

which will  not get enough food as we frequently 

observed in the field. The reasons for this grouped 

pattern of immatures in A. p. pellenea require further 

investigation to reveal if  the advantages in many larvae 

feeding in the same plant are higher than the risk of 

death by starvation. Additionally comparisons with 

other species of Actinote are also needed to reveal if  

the pattern of group immatures can be generalized 

in this genus. 

Acknowledgements 

We would like to thank Renato Rogner Ramos tor help in field 

work, and Carla Penz, Daniela Rodrigues and Rudi Mattoni for 

valuable suggestions in the manuscript. This study was funded by 

FAPESP (grants 84/04.82-.8, 86/0618-5, 88/;t069-8 and 93/0097-9 to 

RBF, and grants 00/01484-1 and 04/05269-9 for AVl.F) and is jtart 

of the project “Lepidoptera of Siio Paulo State” (BIOd'A-FAPFSP 

program - grant 98/05101-8). Andre V. L. Freitas thanks also 

the Brazilian CNPq (fellowship 300282/2008-7) and the National 

Science Fotmdation (DEB-0527441). 

Literature cited 

CiARK, B. R. & S. H. Faeth. 1998. The consequences of larval 

aggregation in the hutterflv Chlosync taciiua. Ecological 

Eiuomology 22: 408-415. 

Courtney, S. P. & S. Coiirtney. 1982. The ‘edge-effect’ in butterfly 

oviposition: casuality in Anthocharis rardamines and related 

species. Ecological Entomology 7: 131-137. 

Denno, R. F. & B. Benrey. 1997. Aggregation facilitates larval 

grouth in the neotro|5ical nymphalid hutterflv Cldos\nejunais. 

Ecological Entomolog)’22: 13.3-141. 

Do,\k, P., P. Kvreiva & |. Kinc'.soi.n'er. 2006. Fitness consequences 

of choosy oviposition for a time-limited btitterfly. Ecology 87: 

395-408. 

Ft;ENY. P. 1976. Plant apparency and chemical defense. Recent 

advances in Phytochemistry 10: 1-40. 

Fr.\n(;ini, R. B. 1989. Biologia e ecologia das horholetas Actinote 

(Le])ido|ttera: Nymjrhalidae, Acraeinae) na transi(;ao 

subtropical no stideste do Brasil. Ms Thesis. Universidade 

Estadual de Campinas, Campinas, Sao Paulo, Brazil. 

Francini, R. B. 1992. Ecologia das taxocenoses de Actinote 

(Lepidoptera: Nym|)halidae) em Asteraceae (Angiosperma, 

Magnoliatae) no sudeste do Brasil: stihsKlios para conservat^iio. 

PhD Thesis. Universidade F/stadtial de Campinas, Cam|>inas, 

Sao I’atilo, Brazil. 

Fr.\n(;im, R. B., a. \'. L. Frei evs & C. Penz. 2004. Two new' species 

of Actinote (Lejtidoptera, Nymphalidae) from Southeastern 

Brazil. Zootaxa7l9: 1-10. 

Freitas, A. \'. 1,. & P. S. Oi,i\tir-\. 1996. Ants ;ls selecti\e agents on 

herbivore hiolog)': effects on the behaviour of a non-mymiecojrhilous 

hutteifly. Jotirnal of Animal Ecology 65: 20.5-210. 

Freitas, A. V'. L., I. R. I,e.\t & S. O. Ferreir,\. 1991. Selection of 

oviposition sites by a lejridopteran community of a tropical 

forest in southeastern Brazil. Biotropica 31: 372-375. 

Freitas, A. V. L., L. A. Kaminski, R. C. M.vros & K. L. Sitva-Brand.ao. 

2009. Immature stages of the Andean butterfly Actinote rn/ina 

(Nymphalidae: lleliconiinae: Acraeini). Tropical l.ejtidoptera 

Research 19: 18-21. 

Keri’ET, S. M., E. S<)I>r.\no &• G. R. P. Moreir.\. 2006. Effect of nitrogen 

on Passijlora stiherosa L (Passifloraceae) and consequences 

for larval performance and oviposition in Heliconius erato 

phyllis (Fahricius) (f.epidoptera: Nymphalidae). Neotro|)ical 

Entomology 35: 192-200. 

L. am.as, G. 2004. Checklist: Part lA. He.s|rerioidea-Pa|5ilionoidea. 

In: Heppner, J.B., ed.. Atlas of Neotrojrical I,epido|3tera, Vol 

.5A. Association for Tropical Lepidoptera/Scientific Publishers, 

Gainesville, 439 jr. 

l,.\w'RENCE, W. S. 1990. The eff ects of group size and host sjrecies 

on develo|)ment and survivorship of a gregarious caterpillar 

Halisidota caryae (Le|3idoptera: Arctiidae). Ecological 

Fhitomolog)' 15: 5.3-62. 

Lunwio, j. A.&  J. F. Reynotd.s. 1988. Statistical ecology. A primer 

on methods and computing. 1st ed. John Wiley and Sons, 

Inc., New York, 337 p. 

M. vckay, D. a. & M. C. SiNCiER. 1982. The basis of an apparent 

preference for isolated host plants by ovipositing Enptychia lihye 

btitterflies. Ecological Entomology 7: 299-303. 

Nimer, E. 1989. Climatologia do Brasil. IBGE, Rio de Janeiro, 

421 p. 

P.M.ucH, M. 2006. Revisao das espccies de dc/wo/c Uiihner, [1819] 



78 J. Res.Lepid. 

(Lepidoptera, Nyniphalidae, Heliconiinae, Acraeini). PhD. 

Thesis. Universidade Federal do Parana, Curitiba, Parana, 

Brazil. 

Pai.uch, M., M. M. Casagrande & O. H. H. Mielke. 2005. 

Coinportaniento de agrega<;ao noturna dos machos de Actinote 

surima surinia (Schaus) (Lepidoptera, Heliconiinae, Acraeini). 

Revista brasileira de Zoologia 22: 410-418 

Pai.uch, M., M. M. C.a,sagr.-\nde & O. H. H. Mielke. 2006. Tres 

especies e duas siibespecies novas de Actinote Hiibner 

(Nyniphalidae, Heliconiinae, Acraeini). Revista brasileira de 

Zoologia 23: 764-778 

Price, P. W. 1991. The plant vigour hypothesis and herbivore attack. 

Oikos 62: 244-251. 

Price, P. W. 1997. Insect Ecology. 3rd ed. John Wiley & Sons, Inc., 

New York, 874pp. 

Price, P. W., H. Roininen &J. Tahvanainen. 1987. Wliy  does the bud- 

galling sawfly, Euura mucronata, attack long shoots? Oecologia 

74: 1-6. 

Rausher, M. D. 1978. Search image for leaf shape in a butterfly. 

Science 200: 1071-1073. 

Setzer, J. 1949. Contribuitiao para o estudo do clima do estado 

de Sao Paulo. Edit. Escolas Profissionais Salesianas, Sao Paulo, 

239 p. 

Silva-BrandAo, K. L., N. W.ahi.berg, R. B. Francini, A. M. L. Azeredo- 

Espin, K. S. Brown Jr., M. Pai,uch, D. C. Lees & A. V. L. Freitas. 

2008. Phylogenetic relationships of butterflies of the tribe 

Acraeini (Lepidoptera, Nymplialidae, Heliconiinae) and the 

evolution of host plant use. Molecular Phylogenetics and 

Evolution, 46; 515-531. 

Stamp, N. E. 1980. Egg deposition patterns in butterflies: why do 

some species cluster their eggs rather than deposit them singly? 

American Naturalist 115: 367-380. 

Strong, D. R.,J. H. Lawton & R. Solithw'ood. 1984. Insects on plants: 

community patterns and mechanisms. Harvard University 

Press, Cambridge, Massachussetts, USA, 330pp. 

Ulmer, B., C. Gillott & M. Eriandson. 2003. Conspecifc eggs 

and bertha armywonn, Mamestra configurata (Lepidoptera: 

Noctiiidae), oviposition site selection. Environmental 

Entomology 32; 529-534. 

Ururahy, J. C.,J. E. R. CoLiARES, M. M. Santos & R. A. A. Barreto. 

1984. 4. Vegetaijao, p. 553-611. /n: Projeto RADAMBRASIL, 

levantamento de Recursos Naturais. Vol. 32. fls. SF 23-24. Rio 

de Janeiro e Vitoria. Fundapao IBGE, Rio de Janeiro. 

Williams, K. S. & L. E. Gilbert. 1981. Insects as selective agents on 

plant vegetative morphology: egg mimicry reduces egg laying 

by butterflies. Science 212: 467-469. 


